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Histochemical markers reveal an unexpected heterogeneous composi-
lion of the renal embryonic collecting duct epithellum. The ampullary
collecting duct epithelium acts as an inductor in the embryonic and
neonatal kidney. It induces the formation of all nephron generations and
thus determines the whole architecture of the kidney. As the organ
matures, the collecting duct epithelium itself transdifferentiates. The
ampullary inductor epitheium, which appears homogeneous as re-
vealed by light microscopy, develops into the well-known heteroge-
neous epithelium of the mature collecting duct consisting of light
principal and dark intercalated cells. Up to now the mechanisms
initiating and regulating this transdifferentiation step are unknown.
Only very few data are available concerning functional characteristics
of the ampullary epithelial cells of neonatal rabbit kidney. Therefore, a
characterization of the collecting duct ampullary cells was carried out
by means of immunohistological techniques using a set of different
monoclonal antibodies and the lectin peanut agglutinin. All epithelial
cells within the ampullary tip and neck were positive for cytokeratin 19,
an intermediate filament protein. On the other hand, the monoclonal
antibody CD 7 revealed a clear cut boundary between the ampullary
neck and the ampullary tip region. Furthermore, after incubation with
the monoclonal antibody BO-7 specifically reacting with intercalated
cells of the mature collecting duct, both labeled and unlabeled cells
were observed within the whole ampullary epithelium. These results
were confirmed by scanning electron microscopical investigations
which revealed two distinct epithelial cell populations. Thus, an unex-
pected heterogeneity of the ampullary epithelium could be demon-
strated.
The metanephros originates from two tissue components, the
epithelial and originally mesoderm-derived Wolfiuan duct and
the mesenchymal blastema [1]. By an unknown inductive
stimulus the epithelial cells of the most caudal Wolfilan duct
portion penetrate the surrounding mesenchymal blastema and
form the ontogenetically earliest part of the renal collecting
duct. After a short period of elongation the embryonic collect-
ing duct divides dichotomously. Variations in the balance
between elongation and ramification of the embryonic collect-
ing duct determine the ultimate three dimensional structure of
the whole collecting duct system, which is the basis for the
entire architecture of the kidney.
After birth the successive dichotomous branching of the
embryonic collecting duct system continues at the widened tips
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of the ampullary epithelium, which are located directly beyond
the capsula fibrosa. The interaction of the ampullary epithelium
with the surrounding mesenchyme induces the formation of the
nephron. Underneath the capsula fibrosa nephrons can be
recognized in various stages of development, such as a conden-
sation of mesenchymal cells and as comma-shaped and
S-shaped bodies (Fig. 1). Thus, the embryonic collecting duct
performs both inductive and proliferative functions during
organogenesis and nephrogenesis.
During kidney maturation the function of the collecting duct
epithelium switches from a classical embryonic inductor to the
well-known tubular excretory system with a remarkable func-
tional [2], zonal [3] and cellular heterogeneity [4]. Although the
steps of its morphological development have been described
decades ago, only little is known about the molecular and
histochemical changes by which the morphologically homoge-
neous ampullary epithelium develops into a heterogeneous
epithelium consisting of principal and at least two types of
intercalated cells [5—9]. With histochemical markers and vari-
ous monoclonal antibodies we tried to pinpoint the first appear-
ance of typical features of mature collecting duct cells within
the embryonic ampullary epithelium. For the first time it could
be demonstrated that behind the described homogeneous ap-
pearance of the ampullary epithelium in the neonatal kidney an
unexpected heterogeneity is hidden.
Methods
Preparation of organ material
Neonatal New Zealand rabbits were anesthetized with dieth-
ylether (Merck, Darmstadt, Germany) and both kidneys were
removed.
Light microscopy
For histological examination the renal tissue was fixed for at
least six hours in ice-cold glutaraldehyde solution (3% glutaral-
dehyde in 0.1 M phosphate buffer, pH 7.3), washed twice in 0.1
M phosphate buffer (pH 7.3) and postfixed for two hours with
1% osmium tetroxide. Specimens were dehydrated in a graded
series of alcohols, passed through propylene oxide, and embed-
ded in Araldite. Semithin sections (1 j.tm) were stained with
Richardson solution.
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Fig. 1. Semithin corticomedullary section of neonatal rabbit kidney.
The collecting duct in the outer kidney cortex can be subdivided in
three different parts according to morphological criteria: I. The tip of
the collecting duct ampulla (A) is located just beneath the capsula
fibrosa (CF). In semithin sections stained with Richardson solution, all
cells of the ampullary tip revealed a light gray staining. Adjacent to the
ampullary tip a renal vesicle (RV) can be observed which was built by
condensating mesenchymal cells. II. The transition from the tip to the
ampullary neck region is indicated by a sudden color change of all
epitheial cells from light to dark gray. HI. The maturing zone of the
collecting duct is characterized by two differentially stained cell types:
light principal cells and dark gray intercalated cells (arrows). Scale bar:
10 m.
indirect immunofluorescence microscopy
For cryosectioning the organs were immediately frozen in
liquid nitrogen. Eight micrometer cryosections (Cryostat HM
500, Microm, Heidelberg, Germany) were first fixed in ice-cold
ethanol, washed several times with phosphate buffered saline
(PBS) and incubated with blocking solution (PBS, pH 7.2, 10%
horse serum, 1% bovine serum albumine, BSA, Sigma, Deisen-
hofen, Germany) for one hour. For detection of immunoreac-
tive material samples were incubated with the monoclonal
antibodies for one hour. Following several washes with PBS,
sections were incubated with donkey anti-mouse IgG-FITC
conjugate (Jackson Immunoresearch Inc., West Grove, USA)
diluted 1:400 in PBS with 1% BSA for 45 minutes. After a final
washing step the sections were embedded in FITC-guard
(Testoc, Chicago, Illinois, USA) and examined using a Zeiss
Axiovert 35 microscope (Zeiss, Oberkochen, Germany).
Histochemical markers
The monoclonal antibody KS 19.2.105 specific for cytokera-
tin 19 was obtained and characterized as described previously
by Franke and Moll [10]. The newly developed monoclonal
antibody CD 7 was raised by immunization of Balb.c mice with
rabbit kidney homogenates. The monoclonal antibody BO-7
was developed by Brandt et al [11] and showed a cross reaction
between interleukin-2 and carbonic anhydrase II. The epitope
recognized by BO-7 has been well characterized by overlapping
synthetic peptides. For inhibition studies a peptide including
this sequence has been synthetized. Binding specificity was
tested by pre-incubation of the monoclonal antibody with this
peptide. Prior to the immunofluorescence incubation procedure
and Western blot incubation, BO-7 was incubated with a 125
molar excess of antigen in PBS buffer for 16 hours. Another
anti-interleukin-2 antibody (CH3. 1) with a different epitope
specificity has been raised in Balb.c mice following immuniza-
tion with native human interleukin-2.
For lectin labeling, cryosections were incubated for 40 min-
utes with PNA-rhodamine conjugate (Vektor, Burlingame, Ver-
mont, USA) diluted 1:2000 in PBS.
Scanning electron microscopy
Pieces of neonatal rabbit kidneys were fixed by a 3% glutar-
aldehyde solution for two days, and thick slices were cut with a
cryo-microtom in cortico-medullary orientation. Samples were
washed in PBS and postfixed in 1% osmium tetroxide solution
for one hour. Following three washing steps in Ringer solution
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the tissue was dehydrated in a graded ethanol series and
subsequently immersed in methanol. Critical point dryed mate-
rial was coated with a 60 nm gold film prior to examination by
a Zeiss DSM 940 scanning electron microscope.
Tissue preparation and separation of renal antigens in SDS-
PAGE
Four kidneys of neonatal rabbits were homogenized in 10 ml
ice cold buffer (0.01 M Tris-[hydroxylmethyl]-aminomethan,
0.15 MNaC1, 9 m EDTA, 10 LM Leupeptin, 100 LM phenyl-
methansulfonyl fluoride, Sigma). Homogenates were centri-
fuged for 15 minutes at 12,000 x g, supernatants discarded and
the pellet resuspended in ice cold buffer supplemented with 2%
Triton X 100 (Sigma). After 10 minutes of incubation the
solution was centrifuged for 30 minutes at 12,000 X g. Aliquots
(3 dIlane) were used for SDS-PAGE separation (10% gels)
according to the method described by Laemmli [12]. Bovine
carbonic anhydrase II (Merck, Darmstadt, Germany) was di-
luted in PBS and SDS sample buffer and electrophoretically
separated using 15% gels.
Detection of antigen in Western blots
Separated proteins were transferred onto Immobilon P mem-
branes (0.45 .tm, Millipore, Eschborn, Germany) using a semi-
dry blotting apparatus (PHASE, Mölln, Germany) and a dis-
continuous buffer system. For detection of immunoreactive
material blots first were blocked in DIL buffer (PBS, pH 7.2;
0.05% Tween 20, Sigma; 10% horse serum, Boehringer Mann-
heim, Germany). Undiluted cell culture supernatant containing
the primary antibody CD 7 or appropriate dilutions of purified
primary antibodies were applied for one hour. BO-7 pre-
incubation to demonstrate binding specificity was carried out as
described above. For detection of antibody binding a 1:2000
dilution of donkey anti-mouse-IgG peroxidase conjugate (Jack-
son Immunoresearch) was used. The staining reaction was
started by addition of 0.5 mg/mI diaminobenzidine (Sigma),
0.02% H202 (Merck), and 0.03% cobalt chloride (Sigma) solved
in citrate buffer (17 m citric acid, 65 mM Na2HPO4, pH 6.3,
Merck) and stopped by washing the membranes in tap water.
Results
The neonatal rabbit kidney was used for the present investi-
gation because this organ provides a unique system for the
study of collecting duct development and differentiation. On a
single cortico-medullary tissue section complete embryonic
structures beyond the capsula fibrosa can be observed closely
beside differentiated nephrons and collecting ducts within the
outer cortical region. This provides a unique opportunity to
compare nephrons of different developmental stages within one
single section.
The embryonic collecting duct in neonatal rabbit kidney
consists of three portions (Fig. 1): the ampullary tip epithelium,
the ampullary neck and the maturing zone of the collecting
duct. As shown by light microscopy (Fig. 1) and further
investigated by electron microscopy [13] the rabbit ampullary
tip epithelium seems to consist of one single cell type. Scanning
electron microscopic techniques revealed for the first time the
existence of another cell type which can be distinguished from
surrounding epithelial cells by morphological criteria (Fig. 2).
Most of the cells showed clear P cell characteristics expressing
only small luminal microvilli but one prominent cilium. How-
ever, cells without cilium and scarce microvilli were found
interspersed in the epithelium of the ampullary tip. Compared
by morphological means these cells resemble neither P nor IC
cells [14]. Using light microscopic techniques all cells of the
ampullary neck are of the same morphologic appearance.
Nevertheless, a clear border marked by a color change from
light to dark gray indicates the transition from tip to neck region
(Fig. I). According to Neiss [15] the ampullary neck is the
proliferation and elongation zone of the developing collecting
duct. Light P and dark IC cells (arrows) can already be
identified within the maturing collecting duct which adjoins the
ampullary neck region (Fig. 1). The sudden appearance of both
cell types is a characteristic feature of this zone; a fluent
transition from one cell type to another has never been ob-
served on the light microscopical level within these differenti-
ating regions. The discrepancy of results obtained by different
microscopical techniques prompted us to investigate the pri-
mary expression of collecting duct typic features within the
ampullary epithelium with histochemical and immunological
markers.
The lectin PNA is frequently used as a marker to identify the
f3-type IC-cells within rabbit collecting duct [5, 7, 8]. We used
PNA to detect the first appearance of 13-type IC cell character-
istics in the ampullary collecting duct of the neonatal rabbit
kidney (Fig. 3a). A new and unexpected finding was that the
marker did not label any luminal cell poles within the develop-
ing collecting duct but reacted at the basement membrane
region of the whole ampullary epithelium (Fig. 3c). The reaction
was especially pronounced at the ampullary tip. Therefore, in
further experiments PNA lectin was used as a marker for the
collecting duct ampulla. These results are in contradiction with
earlier investigations using paraffin embedded tissue and pro-
teolytic digestion. In pretreated paraffin sections PNA label has
been detected on luminal cell poles of the sprouting ampullary
neck region [16]. However, in native kidney cryosections PNA
label was never detectable within this zone.
Cytokeratin 19 has been described as a marker of different
human nephron segments and the collecting duct epithelium
[171. In the human adult collecting duct (inner stripe) the
antibody appeared to distinguish between P cells (positive) and
IC cells (negative), while fetal human collecting duct epithelium
has been reported to be completely positive. We were inter-
ested to know whether this expression pattern of Cytokeratin 19
can also be observed within the developing rabbit collecting
duct system. The anti-cytokeratin 19 antibody used in this study
reacted with the ampullary neck as well as with the tip epithe-
hum (Fig. 3a) and did not discriminate between the embryonic
and mature regions of the collecting duct (Fig. 4a). Despite a
slightly different reaction pattern in embryonic and mature
epithehium, no unlabeled cells were detectable. Longitudinal as
well as cross sections of different cortical and medullary kidney
zones has thoroughly been examined in order to identify even
scarce unlabeled cells (Fig. 5 a-d). Neither the zonal organiza-
tion of the ampullary region (Fig. 1) nor the transition from
embryonic to mature collecting duct epithelium was reflected
by changes in the intermediate filament expression pattern. In
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Fig. 2. Scanning electron microscopic view of the lumina! surface of ampullary collecting duct epithelium. This figure shows at least two different
cell types within the embryonic collecting duct epithelium. (b) Most cells express typical morphological characteristics of principal cells, possessing
small microviffi and a single cilium. However, some cells shown in a in higher magnification carry only few microvilli and no cilium. Following
morphological criteria these cells are neither P nor IC cells. Scale bar: 2.5 sm.
Fig. 3. Heterogenous composition of embryonic collecting duct epithelium. a. Tip and neck region of the ampullary collecting duct were
homogeneously labeled by the anti-cytokeratine 19 antibody. b. The boundary between ampullary tip and neck epithelium could be demonstrated
by means of the collecting duct specific antibody CD 7. All cells of the neck but no cells of the tip region reacted with CD 7. c. PNA labeling was
restricted to basal membrane regions of the ampullary epithelium. d. A completely heterogeneous labeling pattern was obtained by incubation of
embryonic collecting duct epithelium with the antibody BO-7. The monoclonal antibody, routinely used for detection of differentiated intercalated
cells, showed an intense reaction with a subpopulation of embryonic collecting duct cells of the tip and neck regions. The boundary between the
ampullary tip and neck regions is marked by arrowheads. Scale bar: 10 m.
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Fig. 4. Immunohistological d{fferenria:ion of adult collecting duct epithelium. a. All cells of the collecting duct epithelium were strongly positive
for cytokeratine 19. b. The CD 7 antigen was also expressed by all epithelial cells. c and d. The result of a co-incubation experiment using the
monoclonal antibody BO-7, PNA-rhodamine and species-specific FITC antibody conjugates. c. The intensive luminal reaction with PNA is a
characteristic feature of differentiated 13-type intercalated cells (arrows). d. Only a subpopulation of mature collecting duct cells reacted with the
monoclonal antibody BO-7. All cells labeled by PNA also were BO-7 positive (arrows). Scale bar: 10 m.
Fig. 5. Co-incubaiion experiments reveal co-localization of PNA and anti-cytokeratin antibody binding. In these experiments the monoclonal
antibody KS 19.2.105 and PNA-rhodamine were used in conjunction with species-specific FITC antibody conjugates. Longitudinal and cross
section (8 zm) of the mature collecting duct were cut by a cryomicrotom and subsequently incubated with lectin and antibody solutions. Cross
sections throughout all cortical and medullary zones were examined to detect cytokeratin negative collecting duct epithelial cells. However, neither
in cross sections nor in longitudinal sections were cytokeratin negative cells detectable. All PNA positive cells were found to be positive for
cytokeratin 19, too, a and b. Longitudinal section of the collecting duct of the inner cortex. c and d. Cross section of collecting ducts of the inner
cortex. Scale bar: 10 sm.
addition, both differentiated P and IC cells of rabbit kidney been raised by immunization with rabbit kidney homogenates.
were labeled with equal intensity as revealed by PNA co- The CD7 antigen is expressed exclusively within rabbit kidney.
incubation experiments (Fig. 5). It has been detected on all cells of the ascending limb of Henles
The monoclonal antibody CD7 (1gM, kappa light chain) has ioop, of distal tubule and the cells of the mature collecting duct
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Fig. 6. A. Biochemical characterization of the
CD 7 antigen. in Western blots of SDS-PAGE
run under reducing conditions, the CD 7 antigen
migrated into two distinct bands of 37 kDa and
57 kDa, respectively. B. Demonstration of
specific binding of the monoclonal antibody BO-
7 to carbonic anhydrase. Following separation
under reducing electrophoretical conditions and
blotting bovine carbonic anhydrase 11(10 ng/
lane) has been incubated with different
monoclonal antibodies. Detection of bound
antibody was carried out using donkey anti-
mouse peroxidase conjugates. Lane 1: Without
primary antibody. Lane 2: Interleukin.2 specific
monoclonal antibody CH3.1, 100 g/ml. Lane 3:
BO-7, 10 g/m1, pre-incubated with 125 molar
excess of antigen. Lane 4: BO-7, 10 g/ml,
without pre-incubation. As shown in the control
lane, the reaction in the high molecular weight
range is due to unspecific binding of the second
antibody. C. The monoclonal antibody BO-7
has been raised against recombinant human
interleukin-2, The amino acid sequence
recognized by BO-7 (row 1) has been
characterized using synthetic peptides. This
epitope includes a sequence (dark letters) which
is found also in bovine and rabbit carbonic
anhydrase II, but not in other isoforms of the
enzyme. As shown in Western blots the binding
of BO-7 to carbonic anhydrase is highly
specific. The binding can be completely
inhibited by pre-incubation of the antibody with
a synthetic peptide including the amino acid
sequence mentioned in row 1.
(Fig. 4b). Biochemical characterization of the CD7 antigen
revealed under reducing electrophoretical conditions two dis-
tinct immunoreactive bands in Western blots with molecular
weights of 37 and 57 kDa (Fig. 6a). However, the CD7 antigen
abundant on all differentiated P and IC cells of the collecting
duct was not detectable within the embryonic ampullary tip
(Fig. 3b), but the cells of the ampullary neck region were
already positive for CD7 label. Thus, CD7 allows for the first
time a clear-cut immunohistological distinction between the
embryonic ampullary tip and further differentiated cells of the
ampullary neck.
While the anti-cytokeratin antibody revealed a homogeneous
distribution within the different developmental zones and CD7
marked the transition from ampullary tip to neck region, a
completely heterogeneous labeling of the ampullary epithelium
was obtained by incubation of the tissue with the monoclonal
antibody BO-7. The monoclonal antibody raised against the
growth factor interleukin-2 showed a distinct cross-reaction
with carbonic anhydrase (Fig. 6b). The binding to interleukin-2
as well as the reaction with carbonic anhydrase is specific as
revealed by antigen pre-absorption experiments. Due to the
lack of carbonic anhydrase markers for rabbit tissue, the
antibody was tested on histological sections in spite of its
known cross-reactivity.
In PNA co-incubation experiments on cryosections of mature
rabbit kidney, BO-7 label co-localized with PNA staining (Fig.
4 c, d) as expected for 13-type intercalated cells. Some cells
expressing BO-7 labeling are negative for PNA. Carbonic
anhydrase is known to be abundant in high concentrations in
both /3- and a-type IC cells [18]. Therefore we must assume that
antibody labeled cells which were not reactive with lectin may
be IC cells of the a-type. The specificity of BO-7 binding has
been tested by pre-incubation of the antibody with excess of
antigen. After pre-incubation no specific reaction of BO-7,
neither with carbonic anhydrase in Western blots (Fig. 6b) nor
any cells of the collecting duct epithelium could be observed.
As a further control, rabbit kidney sections were incubated with
the antibody CH3. 1, a monoclonal anti-interleukin-2 antibody
with a different epitope specificity than BO-7. Rabbit kidney
cryosections showed no positive CH3. 1 label. Western blots of
carbonic anhydrase also proved to be negative (Fig. 6b).
Unexpected and new results revealed BO-7 incubation of
embryonic collecting duct epithelium. Completely negative
ampullae can be seen beside ampullary tips expressing intensive
antibody label. Many cells of the ampullary tip and neck region
showed a granular cytoplasmic label, which is sometimes
restricted to the perinuclear region (Fig. 3d), while other cells
remained unreactive with this antibody. The relation of BO-7
labeled to unlabeled ampullae was 2:1. BO-7 negative ampullae
has easily been detected by PNA staining in the region of the
basement membrane (Fig. 3c).
Kioth et a!: CCD epithelium composition 535
Discussion
A minimum of markers is available to discriminate the
different cell types within the rabbit collecting duct
The adult renal collecting duct is involved in a variety of
regulatory functions which are assumed to be sustained by
different cell populations. On the basis of morphological criteria
we can already observe two distinct cell types: light principal
cells and dark colored intercalated cells. Immunohistological
and physiological data obtained by different groups analyzing
the specific collecting duct functions have been summarized in
the following model. The collecting duct is thought to be
composed of at least three distinct cell types: intercalated cells
of the a- and 13-types and principal cells.
The Na/K-balance is regulated by principal cells which
express the enzyme Na/K-ATPase in large amounts [19].
H-ATPases and a chloride/bicarbonate exchanger are proteins
typically abundant in IC cells [201. Therefore, these cells are
thought to be responsible for alkalinization (/3-type) and acidi-
fication (a-type) of the urine [6, 21]. A monoclonal antibody
specific for the C1/HCO3 exchanger molecule represents the
only defined marker for the a-subtype of the rabbit collecting
duct IC cells [7, 8]. Carbonic anhydrase is detectable in very
high concentrations in both IC cell types [18]. Besides the
anti-C1/HC03 exchanger antibody, no monoclonal antibod-
ies suitable for immunohistological distinction of the different
collecting duct cell types in rabbit kidney are available. A
number of different antibodies has been described [5, 20], and
all of these were excellent tools for investigation in the rat
system but were of high species specificity and often failed to
give clear-cut positive results within rabbit renal tissue. Despite
numerous attempts using different immunization schemes we
did not succeed in the production of collecting duct cell-type-
specific antibodies until now. Antibodies raised against collect-
ing duct material preferably reacted with epitopes expressed by
more than one specific cell type [22]. Thus, defined markers for
the different cell populations of the rabbit collecting duct are
scarce.
Zonal and cellular heterogeneity within the rabbit ampullary
epithelium detected by monoclonal antibodies
The lectin PNA has been described as a specific marker for
rabbit intercalated cells [5]. PNA interacts specifically with
/3-D-galactose and N-acetylgalactosamin residues [23]. IC cells
labeled by PNA have been functionally characterized as the
/3-type subpopulation by several authors [7, 24]. No further data
are available concerning the nature of the carbohydrate-carry-
ing molecule localized in the apical cell pole of the IC cells. The
luminal expression of this PNA-reactive molecule is restricted
to cells of the differentiated part of the collecting duct. Ampul-
lary epithelia do not show any luminal PNA label [25]. How-
ever, PNA binding residues are expressed within the basement
membrane region of the embryonic collecting duct. Thus the
lectin can be used for distinct labeling of the ampullary region.
Cytokeratins have been described as ubiquitous epithelial
marker proteins [26]. The expression pattern of these interme-
diate filament components has been reported to undergo spe-
cific changes during differentiation. Cytokeratin 19 was detect-
able within fetal and adult human collecting duct epithelium
except differentiated IC cells [17]. Underlining the species
specificity of distinct antigen expression patterns all undiffer-
entiated as well as mature collecting duct cells were positive for
cytokeratin 19 within rabbit renal tissue.
A clear-cut distinction between embryonic and differentiating
cells in the rabbit collecting duct was possible for the first time
by applying the newly developed monoclonal antibody CD7.
The CD7 antigen was expressed by all mature collecting duct
cells and cells of the ampullary neck, whereas the ampullary tip
region did not show any CD7 label. Thus CD7 is a marker for
differentiating collecting duct cells and a suitable tool for further
studies dealing with the development of the collecting duct
epithelium [27].
As described by several authors [9, 25], the collecting duct
epithelium undergoes profound changes during postnatal devel-
opment. Variations of the expression characteristics during
maturation have been reported for typical collecting duct mark-
ers, including distinct changes in cellular distribution (Na/K-
ATPase) and increasing (carbonic anhydrase, PNA), as well as
decreasing (Na/K-ATPase) numbers of immunoreactive
cells. Nevertheless, the embryonic ampullary epithelium has
been reported to be homogeneous with respect to morphologi-
cal and immunohistological criteria. An unexpected but distinct
heterogeneity within the ampullary epithelium can be demon-
strated for the first time by scanning electron microscopy as
well as by BO-7 label. A part of the collecting duct ampullae
revealed brightly marked BO-7 positive cells beside unlabeled
cells, whereas other ampullae remained completely unstained.
Furthermore, cells labeled by this antibody were found within
collecting duct of mature animals. A subpopulation of these
cells were positive for PNA, the rabbit /3-IC cell marker. Thus,
for the first time embryonic cells expressing characteristic
features of mature collecting duct cell subtypes have been
detected within the morphological homogeneous ampullary
epithelium.
However, only a part of the collecting duct ampullae were
positive for BO-7 label. At no time was a co-localization of
BO-7 and luminal PNA label observed within this developing
region. Furthermore, by scanning electron microscopy a dis-
tinct subpopulation of epithelial cells has been detected. These
cells express morphological features differing from mature P as
well as all described types of IC cells [14]. We have to conclude
that the ampullary epithelium does not include cells expressing
the complete characteristic features of mature /3-IC cells, either
by morphological criteria or with respect to BO-7 binding.
These results are in agreement with observations reported by
other groups [9, 25]. The expression of all enzymes related with
the function of the mature collecting duct cells was completed
within the first weeks after birth, but was unfinished within the
embryonic cortex region. It has been supposed that 13-IC cells
might be the common precursors of all collecting duct cells [28].
Our results do not support this hypothesis. No cells expressing
morphological characteristics of mature IC cells and no luminal
PNA binding—a characteristic feature of f3-IC cells—were
detectable in BO-7 labeled cells of the ampullary epithelium.
Nevertheless BO-7, an IC marker, reacted with a distinct
subpopulation of ampullary epithelial cells, and by scanning
electron microscopy morphologically-distinct cell populations
can be demonstrated. These results give the first indication for
a heterogeneity within the cells of the embryonic collecting duct
epithelium.
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